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SHIFT REGISTER UNIT AND DRIVING
METHOD THEREOEFE GATE DRIVING
CIRCUIT, AND DISPLAY DEVICEL

The application claims priority to Chinese patent appli-
cation No. 201810778019.7, filed on Jul. 16, 2018, the entire

disclosure of which 1s mcorporated herein by reference as
part of the present application.

TECHNICAL FIELD

Embodiments of the present disclosure relate to a shiit
register unit and a driving method thereof, a gate driving
circuit, and a display device.

BACKGROUND

In a field of display technology, for example, a pixel array
of a liquid crystal display panel generally includes a plural-
ity of rows of gate lines and a plurality of columns of data
lines crisscrossed with the plurality of rows of gate lines.
The gate lines can be driven by a bonding integrated driving
circuit. In recent years, with continuous improvement of a
manufacturing process of amorphous silicon thin film tran-
sistors, oxide thin film transistors and low-temperature poly-
silicon thin film transistors, the gate line driving circuit can
also be directly integrated on the thin film transistor array
substrate to form a GOA (Gate driver On Array) to drive the
gate lines. For example, the GOA including a plurality of
cascaded shift register units can be used to provide switch-
ing voltage signals for the plurality of rows of gate lines of
the pixel array, thereby controlling, for example, the plural-
ity of rows of gate lines to be sequentially turned on, and
data lines can be used to provide data signals for a corre-
sponding row of pixel units in the pixel array to form gray
voltages required for each gray level of a display image in
cach of the pixel units, thereby displaying a frame of 1mage.
Current display panels increasingly use GOA technology to
drive gate lines. The GOA technology benefits to 1mple-
menting a narrow frame design of the display panel, and can
reduce the production cost of the display panel.

SUMMARY

At least one embodiment of the present disclosure pro-
vides a shift register unit, including an input circuit, a first
control circuit, and an output circuit. The input circuit 1s
configured to receive an mput signal and control a level of
a first control node according to the input signal in response
to a first clock signal; the first control circuit 1s configured
to control a level of a first node under control of the level of
the first control node and the first clock signal; and the
output circuit 1s configured to receive a first voltage of a first
voltage terminal and output the first voltage to an output
terminal under control of the level of the first node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the first control
circuit includes a second node control sub-circuit, a second
control node control sub-circuit, a second control sub-
circuit, and a first node control sub-circuit. The second node
control sub-circuit 1s configured to control a level of a
second node under control of the level of the first control
node and the first clock signal; the second control node
control sub-circuit 1s configured to control a level of a
second control node under control of the level of the first
control node and the level of the second node; the second
control sub-circuit 1s configured to control the level of the

10

15

20

25

30

35

40

45

50

55

60

65

2

first control node under control of the level of the second
control node; and the first node control sub-circuit 1s con-
figured to control the level of the first node under control of
the level of the first control node and the level of the second
control node.

For example, 1n the shift register unit provided by an
embodiment of the present disclosure, the input circuit
includes a first transistor, a gate electrode of the first
transistor 1s connected to a first clock signal terminal to
receive the first clock signal, a first electrode of the first
transistor 1s connected to an 1nput terminal to receirve the
input signal, and a second electrode of the first transistor 1s
connected to the first control node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the output circuit
includes a second transistor, a gate electrode of the second
transistor 1s connected to the first node, a first electrode of
the second transistor 1s connected to the first voltage termi-
nal to recerve the first voltage, and a second electrode of the
second transistor 1s connected to the output terminal.

For example, 1n the shift register unit provided by an
embodiment of the present disclosure, the second node
control sub-circuit includes a third transistor and a first
capacitor. A gate electrode of the third transistor 1s connected
to the first control node, a first electrode of the third
transistor 1s connected to the first voltage terminal to receive
the first voltage, and a second electrode of the third transistor
1s connected to the second node; and a first electrode of the
first capacitor 1s connected to a first clock signal terminal to
receive the first clock signal, and a second electrode of the
first capacitor 1s connected to the second node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the second control
node control sub-circuit includes a fourth transistor, a fifth
transistor, and a second capacitor. A gate electrode of the
fourth transistor 1s connected to the first control node, a first
clectrode of the fourth transistor 1s connected to the first
voltage terminal to receive the first voltage, and a second
clectrode of the fourth transistor 1s connected to the second
control node; a gate electrode of the fifth transistor 1is
connected to the second node, a first electrode of the fifth
transistor 1s connected to a second voltage terminal to
receive a second voltage, and a second electrode of the fifth
transistor 1s connected to the second control node; and a first
clectrode of the second capacitor 1s connected to the second
control node, and a second electrode of the second capacitor
1s connected to the first node.

For example, 1n the shift register unit provided by an
embodiment of the present disclosure, the second control
sub-circuit includes a sixth transistor, a gate electrode of the
sixth transistor 1s connected to the second control node, a
first electrode of the sixth transistor 1s connected to the first
voltage terminal to receive the first voltage, and a second
clectrode of the sixth transistor 1s connected to the first
control node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the first node control
sub-circuit includes a seventh transistor, an eighth transistor,
and a third capacitor. A gate clectrode of the seventh
transistor 1s connected to the second control node, a first
clectrode of the seventh transistor 1s connected to a second
clock signal terminal to receive a second clock signal, and
a second electrode of the seventh transistor 1s connected to
the first node; a gate electrode of the eighth transistor 1s
connected to the first control node, a first electrode of the
eighth transistor 1s connected to the first voltage terminal to
receive the first voltage, and a second electrode of the eighth
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transistor 1s connected to the first node; and a first electrode
of the third capacitor 1s connected to the first node, and a
second electrode of the third capacitor 1s connected to the
first voltage terminal to receive the first voltage.

For example, the shift register unit provided by an
embodiment of the present disclosure further includes a
second control maintaining circuit, and the second control
maintaining circuit 1s configured to perform noise reduction
on the output terminal under control of the level of the first
control node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the second control
maintaining circuit mncludes a ninth transistor and a fourth
capacitor. A gate electrode of the ninth transistor 1s con-
nected to the first control node, a first electrode of the ninth
transistor 1s connected to a second voltage terminal to
receive a second voltage, and a second electrode of the ninth
transistor 1s connected to the output terminal; and a first
clectrode of the fourth capacitor 1s connected to a second
clock signal terminal to receive a second clock signal, and
a second electrode of the fourth capacitor 1s connected to the
first control node.

For example, in the shift register unit provided by an
embodiment of the present disclosure, the second control
maintaining circuit includes a ninth transistor and a fourth
capacitor. A gate electrode of the ninth transistor 1s con-
nected to the first control node, a first electrode of the ninth
transistor 1s connected to a second voltage terminal to
receive a second voltage, and a second electrode of the ninth
transistor 1s connected to the output terminal; and a first
clectrode of the fourth capacitor 1s connected to the first
control node, and a second electrode of the fourth capacitor
1s connected to the output terminal.

At least one embodiment of the present disclosure further
provides a gate driving circuit, including a plurality of
cascaded shift register units provided by any one of the
embodiments of the present disclosure; and an 1nput termi-
nal of each of the shift register units except for a first shift
register unit 1s connected to an output terminal of a previous
shift register unit.

At least one embodiment of the present disclosure further
provides a display device, including the gate driving circuit
provided by any one of the embodiments of the present
disclosure.

At least one embodiment of the present disclosure further
provides a driving method for driving the shift register unit
provided by any one of the embodiments of the present
disclosure, including: in a first phase, performing first con-
trol on the first control node according to the mnput signal and
in response to the first clock signal by the input circuit,
performing the first control on the first node under control of
the level of the first control node and the first clock signal by
the first control circuit, and outputting a first level by the
output terminal; in a second phase, performing second
control, different from the first control, on the first node, by
the first control circuit, under control of the level of the first
control node and the first clock signal, and outputting the
first voltage by the output terminal; and 1n a third phase,
performing the second control on the first control node
according to the input signal and in response to the first
clock signal by the input circuit, performing the first control
on the {irst node under control of the level of the first control
node and the first clock signal by the first control circuit, and
outputting the first level by the output terminal, the first level
1s lower than the first voltage.

For example, in the driving method provided by an
embodiment of the present disclosure, 1n a case where the
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shift register unit includes a second control maintaining
circuit, the third phase of the driving method further
includes: performing noise reduction on the output terminal
under control of the level of the first control node by the
second control maintaining circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the present disclosure, the drawings of the
embodiments will be briefly described 1n the following. It 1s
obvious that the described drawings in the following are
only related to some embodiments of the present disclosure
and thus are not limitative of the present disclosure.

FIG. 1A 1s a schematic diagram of a shift register unit;

FIG. 1B 1s a signal timing diagram of the shiit register unit
illustrated in FIG. 1A 1n operation;

FIG. 2 1s a schematic diagram of a shift register unit
provided by at least one embodiment of the present disclo-
sure;

FIG. 3 1s a schematic diagram of a first control circuit
illustrated 1n FIG. 2;

FIG. 4 1s a schematic diagram of another shiit register unit
provided by at least one embodiment of the present disclo-
SUre;

FIG. 5A 1s a circuit schematic diagram of a specific
implementation example of the shift register unit 1llustrated
in FIG. 4;

FIG. 3B is a circuit schematic diagram of another specific
implementation example of the shift register unit 1llustrated
in FIG. 4;

FIG. 6A 1s a signal timing diagram of the shiit register unit
illustrated in FIG. SA 1n operation;

FIG. 6B 1s a signal timing diagram of the shiit register unit
illustrated in FIG. 3B in operation;

FIG. 7 1s a schematic diagram of a gate driving circuit
provided by at least one embodiment of the present disclo-
sure; and

FIG. 8 1s a schematic diagram of a display device pro-
vided by at least one embodiment of the present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the disclosure apparent, the technical
solutions of the embodiments will be described 1n a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the disclosure. Appar-
ently, the described embodiments are just a part but not all
of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any 1nventive work,
which should be within the scope of the disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms “first,” “second,” etc.,
which are used in the description and the claims of the
present application for disclosure, are not intended to 1ndi-
cate any sequence, amount or importance, but distinguish
various components. Also, the terms such as “a,” “an,” etc.,
are not intended to limit the amount, but indicate the
existence of at least one. The terms “comprise,” “compris-
ing,” “include,” “including,” etc., are mtended to specily
that the elements or the objects stated before these terms
encompass the elements or the objects and equivalents

thereof listed after these terms, but do not preclude the other
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clements or objects. The phrases “connect”, “connected”,
“coupled”, etc., are not intended to define a physical con-
nection or mechanical connection, but may include an
clectrical connection, directly or indirectly. “On,” “under,”
“right,” “left” and the like are only used to indicate relative
position relationship, and when the position of the object
which 1s described 1s changed, the relative position relation-
ship may be changed accordingly.

A plurality of cascaded low temperature polysilicon
(LTPS) shift register units, which are integrated on the
display panel, can usually implement a high-level pulse or
low-level pulse shift output function. For example, a plu-
rality of cascaded shiit register units including N-type
transistors can implement shift output of high-level pulse
signals, and a plurality of cascaded shift register units
including P-type transistors can implement shift output of
low-level pulse signals.

FIG. 1A 1s a schematic diagram of a shift register unit. As
illustrated 1n FIG. 1A, transistors included in the shift
register unit are all P-type transistors, which can implement
output of low-level pulse signals. FIG. 1B 1s a signal timing
diagram of the shift register unit i1llustrated in FIG. 1A 1n
operation. As illustrated 1n FIG. 1B, the operation process of
the shift register unit includes three phases: a first phase pl,
a second phase p2, and a third phase p3. In the following, the
three phases are brietly described with reference to FIG. 1A
and FIG. 1B.

In the first phase pl (i.e., an input phase), a first clock
signal terminal CLKA provides a low-level signal, a second
clock signal terminal CLKB provides a high-level signal, an
input terminal INT provides a low-level signal, and a first
transistor T1 1s turned on 1n response to the low-level signal
provided by the first clock signal terminal CLKA, so that a
first control node PU 1s electrically connected to the mput
terminal INT, thereby discharging the first control node PU.
A seventh transistor 17 1s turned on under control of a level
of the first control node PU to allow the second clock signal
terminal CLKB to be electrically connected to an output
terminal OUT, so that 1n this phase, the output terminal OUT
outputs the high-level signal provided by the second clock
signal terminal CLKB.

In the second phase p2 (1.e., an output phase), the first
clock signal terminal CLKA provides a high-level signal, the
second clock signal terminal CLKB provides a low-level
signal, and the mput terminal INT provides a high-level
signal. In this phase, the seventh transistor 17 1s turned on
under control of the level of the first control node PU, so that
the second clock signal terminal CLKB 1s electrically con-
nected to the output terminal OUT, so that the output
terminal OUT outputs the low-level signal provided by the
second clock signal terminal CLKB.

In the third phase p3, the mput terminal INT provides a
high level, the first clock signal provided by the first clock
signal terminal CLKA allows the third transistor T3 to be
turned on every half cycle, and a low level provided by a first
voltage terminal VGL 1s written mto a first capacitor C1
through a third transistor T3, so that a sixth transistor T6 and
an eighth transistor T8 are i1n a turn-on state. Because the
sixth transistor T6 1s 1n a turn-on state, and 1n a case where
the low level provided by the second clock signal terminal
CLKB allows the fifth transistor T5 to be turned on, the first
control node PU 1s connected to a second voltage terminal
VGH, thereby charging the first control node PU by a hugh
level provided by the second voltage terminal VGH, the
seventh transistor 17 1s turned ofl under control of the high
level of the first control node PU. Simultaneously, because
the eighth transistor T8 1s in a turn-on state all the time to
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allow the output terminal OUT to be electrically connected
to the second voltage terminal VGH all the time, and the
output terminal OUT keeps outputting a high level in this
phase.

Organic light-emitting diode (OLED) display panels may
use a P-type transistor (e.g., a low-temperature polysilicon
P-type transistor) process to implement a construction of a
driving circuit (e.g., a gate driving circuit for driving pixel
circuits to emit light) of a display device. For example, the
driving circuit includes the shift register unit as illustrated 1n
FIG. 1A, and therefore, the driving circuit including P-type
transistors can usually be used to implement a shift output of
a low-level pulse. In practical applications, a high-level
pulse 1s often required to, for example, control light-emitting,
of pixel circuits, and therefore it 1s necessary to use a
plurality of cascaded shiit register units icluding P-type
transistors to 1mplement a shift output of the high-level
pulse, that 1s, the shift register unit as illustrated 1n FIG. 1A
needs to output a high-level signal in the second phase p2
and output low-level signals in other phases. However, the
difficulty 1n implementing the above technology 1s that 1n a
plurality of cascaded shift register units including P-type
transistors, an output terminal OUT of a previous shift
register unit 1s connected to, for example, an mput terminal
INT of a next shift register umt, and because the output
terminal OUT of the previous shift register unit outputs a
high-level signal and the transistors included in the shift
register unit are P-type transistors (turned on in response to
a low level), the high-level signal cannot allow an output
transistor (for example, the seventh transistor 17 as 1illus-
trated in FIG. 1A) 1n the next shaft register unit to be turned
on 1n advance, that 1s, the output transistor cannot be turned
on 1n advance 1n the first phase pl, so that the plurality of
cascaded shift register units including P-type transistors
cannot 1implement a shift output of the high-level signal.

An embodiment of the present disclosure provides a shift
register unit, including an input circuit, a first control circuit,
and an output circuit. The mnput circuit 1s connected to a first
control node, and 1s configured to recerve an input signal and
control a level of the first control node according to the input
signal 1n response to a first clock signal; the first control
circuit 1s connected to the first control node and a first node,
and 1s configured to control a level of the first node under
control of the level of the first control node and the first clock
signal; and the output circuit 1s connected to a first voltage
terminal, the first node, and an output terminal, and 1s
configured to receive a first voltage of the first voltage
terminal and output the first voltage to the output terminal
under control of the level of the first node. The embodiments
of the present disclosure further provide a gate driving
circuit, a display device, and a driving method, which are
corresponding to the above shift register unit.

The shift register unit, the gate driving circuit, the display
device, and the drniving method provided by the above
embodiments of the present disclosure can implement a shift
output of a level signal opposite to a turn-on voltage of a
transistor. For example, 1n a case where a plurality of
cascaded shift register units are implemented by P-type
transistors, a shift output of a high-level signal can be
implemented; and in a case where a plurality of cascaded
shift register umts are implemented by N-type transistors, a
shift output of a low-level signal can be implemented.
The embodiments of the present disclosure and examples
thereol will be described 1n detail below with reference to
the accompanying drawings.

FIG. 2 1s a schematic diagram of a shift register unit
provided by at least one embodiment of the present disclo-
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sure. As 1llustrated 1n FIG. 2, the shift register unit 100
includes an mput circuit 110, a first control circuit (not
shown 1n the figure), and an output circuit 130. For example,
a pull-up control circuit 120 as illustrated 1n FIG. 2 1s an
example of the first control circuit, and a pull-up node PU 1s
an example of the first control node. In the following, the
embodiments of the present disclosure are described by
taking a case that the first control circuit is the pull-up
control circuit 120 and the first control node 1s the pull-up
node PU as an example, and the embodiments of the present
disclosure are not limited to this case. It should be noted that,
in the embodiments of the present disclosure, a charging
operation 1s an example of first control, and a discharging
operation 1s an example of second control. In the following,
the embodiments of the present disclosure are described by
taking a case that the first control 1s the charging operation
and the second control 1s the discharging operation as an
example, and the embodiments of the present disclosure are
not limited 1n this aspect.

The 1nput circuit 110 1s configured to receive an input
signal and control a level of the pull-up node PU according
to the input signal 1 response to a first clock signal. For
example, the mput circuit 110 i1s connected to an nput
terminal INT, the pull-up node PU, and a first clock signal
terminal CLKA, and 1s configured to electrically connect the
pull-up node PU to the mput terminal INT to receive the
input signal under control of the first clock signal provided
by the first clock signal terminal CLKA, so that the input
signal input by the input terminal INT can control the level
of the pull-up node PU. For example, in a case where the
iput signal 1s at a second level ({or example, a high level),
the pull-up node PU can be charged, and 1n a case where the
input signal 1s at a first level ({or example, a low level), the
pull-up node PU can be discharged, thereby controlling the
level of the pull-up node PU.

The pull-up control circuit 120 1s configured to control a
level of a first node N1 under control of the level of the
pull-up node PU, the first clock signal, and a second clock
signal. For example, the pull-up control circuit 120 1s
configured to be connected to the first clock signal terminal
CLKA, a second clock signal terminal CLKB, the pull-up
node PU, the first node N1, a first voltage terminal VGH, and
a second voltage terminal VGL, so that the first node N1 1s
clectrically connected to the first voltage terminal VGH or
the second clock signal terminal CLKB under control of the
level of the pull-up node PU and the first clock signal to
allow a voltage of the first node N1 to be increased or
decreased, thereby controlling whether the output circuit
130 1s turned on.

The output circuit 130 1s configured to receive a first
voltage of the first voltage terminal VGH and output the first
voltage to an output terminal OUT under control of the level
of the first node N1, and the first voltage serves as an output
signal of the shift register unit 100 to drive, for example, the
gate line connected to the output terminal OUT. For
example, the output circuit 130 1s connected to the first
voltage terminal VGH, the first node N1, and the output
terminal OUT, and 1s configured to be turned on under
control of the level of the first node N1, so that the first
voltage terminal VGH 1s electrically connected to the output
terminal OUT, so that the first voltage provided by the first
voltage terminal VGH can be output to the output terminal
OUT.

FIG. 3 1s a schematic diagram of an example of the
pull-up control circuit 120 of the shift register unit as
illustrated 1n FIG. 2. As illustrated in FIG. 2, in some
examples, the pull-up control circuit 120 includes a second
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node control sub-circuit 121, a second control node control
sub-circuit, a second control sub-circuit, and a first node
control sub-circuit 124. It should be noted that, for example,
a pull-down node PD 1s an example of a second control
node, a pull-down node control sub-circuit 122 1s an
example of the second control node control sub-circuit, and
a pull-down sub-circuit 123 i1s an example of the second
control sub-circuit. In the following, the embodiments of the
present disclosure are described by taking a case that the
second control node 1s the pull-down node PD, the second
control node control sub-circuit i1s the pull-down node
control sub-circuit 122, and the second control sub-circuit 1s
the pull-down sub-circuit 123 as an example, and the
embodiments of the present disclosure are not limited 1n this
aspect.

The second node control sub-circuit 121 1s configured to
control a level of the second node N2 under control of the
level of the pull-up node PU and the first clock signal. For
example, the second node control sub-circuit 121 1s con-
nected to the pull-up node PU, the first clock signal terminal
CLKA, the first voltage terminal VGH, and the second node
N2, and 1s configured to connect the second node N2 to the
first voltage terminal VGH under control of the level of the
pull-up node PU, so that the high-level signal (1.e., the first
voltage) provided by the first voltage terminal VGH can
charge the second node N2. The second node control sub-
circuit 121 1s further configured to charge or discharge the
second node N2 under control of the first clock signal
provided by the first clock signal terminal CLKA, so that the
pull-down node control sub-circuit 122 1s turned off 1n a case
where the second node N2 i1s at a high level and the
pull-down node control sub-circuit 122 1s turned on 1n a case
where the second node N2 1s at a low level.

The pull-down node control sub-circuit 122 1s configured
to control a level of the pull-down node PD under control of
the level of the pull-up node PU and the level of the second
node N2. For example, the pull-down node control sub-
circuit 122 1s connected to the pull-up node PU, the first
voltage terminal VGH, the second voltage terminal VGL,
the first node N1, the second node N2, and the pull-down
node PD, and 1s configured to connect the pull-down node
PD to the first voltage terminal VGH under control of the
level of the pull-up node PU, so that the high-level signal
(1.e., the first voltage) provided by the first voltage terminal
VGH can charge the pull-down node PD. The pull-down
node control sub-circuit 122 1s further configured to connect
the pull-down node PD to the second voltage terminal VGL
under control of the level of the second node N2, thereby
discharging the pull-down node PD.

The pull-down sub-circuit 123 is configured to control the
level of the pull-up node PU under control of the level of the
pull-down node PD. For example, the pull-down sub-circuit
123 can be connected to the pull-down node PD and the first
voltage terminal VGH, and i1s configured to electrically
connect the pull-up node PU to the first voltage terminal
VGH under control of the level of the pull-down node PD,
so that the high-level signal (1.e., the first voltage) provided
by the first voltage terminal VGH can charge the pull-up
node PU to allow the pull-up node PU to be kept at a high
level.

The first node control sub-circuit 124 1s configured to
control the level of the first node N1 under control of the
level of the pull-up node PU and the level of the pull-down
node PD. For example, the first node control sub-circuit 124
1s connected to the pull-up node PU, the pull-down node PD,
the first voltage terminal VGH, the second clock signal
terminal CLKB, and the first node N1, and is configured to
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clectrically connect the first node N1 to the first voltage
terminal VGH under control of the level of the pull-up node
PU, so that the first node N1 can be charged. The first node
control sub-circuit 124 1s turther configured to connect the
first node N1 to the second clock signal terminal CLKB
under control of the level of the pull-down node PD, so that
the first node N1 can be charged or discharged.

For example, in some examples, the shift register unit 100
may further include a second control maintaining circuit.
FIG. 4 1s a schematic diagram of another shift register unit
provided by at least one embodiment of the present disclo-
sure. For example, the pull-down maintaining circuit 140 as
illustrated 1n FIG. 4 1s an example of the second control
maintaining circuit. In the following, the embodiments of
the present disclosure are described by taking a case that the
second control maintaining circuit 1s the pull-down main-
taining circuit 140 as an example, and the embodiments of
the present disclosure are not limited in this aspect. As
illustrated 1n FIG. 4, on the basis of the example as 1llus-
trated 1 FIG. 2, the shift register unit 100 may further
include the pull-down maintaiming circuit 140, and other
structures of the shift register unit 100 are similar to those of
the shift register unit 100 as 1llustrated in FIG. 2, which are
not described herein again.

The pull-down maintaining circuit 140 1s configured to
perform noise reduction on the output terminal OUT under
control of the level of the pull-up node PU. For example, the
pull-down maintaining circuit 140 1s connected to the sec-
ond voltage terminal VGL, the second clock signal terminal
CLKB, the pull-up node PU, and the output terminal OUT,
so that the output terminal OUT 1s electrically connected to
the second voltage terminal VGL under control of the level
of the pull-up node PU, thereby performing noise reduction
on the output terminal OUT.

It should be noted that, the first voltage terminal VGH, for
example, can be configured to keep inputting a DC high-
level signal, and for example, the DC high-level signal 1s
referred to as the first voltage; and the second voltage
terminal VGL, for example, can be configured to keep
mputting a DC low-level signal, for example, the DC
low-level signal 1s referred to as the second voltage, and the
second voltage 1s lower than the first voltage. This case can
be applied to the following embodiments, and details wall
not be described again. For example, the first level may be
the same as or different from the second voltage, and may be
lower than the first voltage.

For example, the shift register umt 100 as 1illustrated in
FIG. 4 may be specifically implemented as a circuit structure
as 1llustrated in FIG. 5A 1n an example. The following
description 1s described by taking a case that respective
transistors are P-type transistors as an example, but the
embodiments of the present disclosure are not limited to this
case. For example, a P-type transistor 1s turned on 1n
response to a low-level signal and 1s turned ofl 1n response
to a high-level signal. This case may be applied to the
following embodiments, and details will not be described
again. As illustrated 1n FIG. 5A, the shift register unit 100
includes transistors T1 to T9 and further includes capacitors
C1 to C4.

The mput circuit 110 may be implemented as a first
transistor T1. A gate electrode of the first transistor T1 1s
connected to the first clock signal terminal CLKA to receive
the first clock signal, a first electrode of the first transistor T1
1s connected to the mput terminal INT to receive the mput
signal, and a second electrode of the first transistor 11 1s
connected to the pull-up node PU, so that 1n a case where the
first transistor 11 1s turned on by a turn-on signal (a
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low-level signal) received by the first clock signal terminal
CLKA, the input signal provided by the input signal terminal
INT 1s used to control the level of the pull-up node PU.
The output circuit 130 may be implemented as a second
transistor 12. A gate electrode of the second transistor T2 1s
connected to the first node N1, a first electrode of the second
transistor 12 1s connected to the first voltage terminal VGH
to recerve the first voltage, and a second electrode of the
second transistor 12 1s connected to the output terminal
OUT.
The second node control sub-circuit 121 may be 1imple-
mented as a third transistor T3 and a first capacitor C1. A
gate electrode of the third transistor T3 1s connected to the
pull-up node PU, a first electrode of the third transistor T3
1s connected to the first voltage terminal VGH to receive the
first voltage, and a second electrode of the third transistor T3
1s connected to the second node N2. A first electrode of the
first capacitor C1 1s connected to the first clock signal
terminal CLKA to receive the first clock signal, and a second
clectrode of the first capacitor C1 1s connected to the second
node N2. Therefore, the second node N2 1s kept at a high
level (for example, the first voltage provided by the first
voltage terminal VGH) in a case where the third transistor
13 1s turned on, and 1n a case where the third transistor 13
1s turned ofl, because of a coupling effect of the first
capacitor C1, the second node N2 1s kept at a low level 1n
a case where the first clock signal provided by the first clock
signal terminal CLLKA 1s at a low level, and the second node
N2 1s kept at a high level in a case where the first clock
signal provided by the first clock signal terminal CLKA 1s at
a high level.

The pull-down node control sub-circuit 122 may be
implemented as a fourth transistor T4, a fifth transistor 15,
and a second capacitor C2. A gate electrode of the fourth
transistor T4 1s connected to the pull-up node PU, a first
clectrode of the fourth transistor T4 1s connected to the first
voltage terminal VGH to receirve the first voltage, and a
second electrode of the fourth transistor T4 1s connected to
the pull-down node PD. A gate electrode of the fifth tran-
sistor TS5 1s connected to the second node N2, a first
clectrode of the fifth transistor TS 1s connected to the second
voltage terminal VGL to receive the second voltage, and a
second electrode of the fifth transistor T3 1s connected to the
pull-down node PD. A first electrode of the second capacitor
C2 1s connected to the pull-down node PD, and the second
clectrode of the second capacitor C2 1s connected to the first
node N1. Therefore, the pull-down node PD 1s kept at a hugh
level (for example, the first voltage provided by the first
voltage terminal VGH) 1n a case where the fourth transistor
T4 1s turned on, and 1n a case where the fourth transistor T4
1s turned off, the fifth transistor T5 i1s turned on under control
of the level of the second node N2, so that the pull-down
node PD 1s electrically connected to the second voltage
terminal VGL, thereby discharging the pull-down node PD.

The pull-down sub-circuit 123 may be implemented as a
sixth transistor T6. A gate electrode of the sixth transistor 16
1s connected to the pull-down node PD, a first electrode of
the sixth transistor T6 1s connected to the first voltage
terminal VGH to receive the first voltage, and a second
clectrode of the sixth transistor T6 1s connected to the
pull-up node PU. The sixth transistor T6 1s turned on in a
case where the pull-down node PD 1s at a low level, and
connects the pull-up node PU to the first voltage terminal
VGH, so that the high level of the pull-up node PU can be
maintained and cannot be reduced by the second clock
signal or leakage of other transistors, thereby ensuring the
reliability of the circuat.
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The first node control sub-circuit 124 may be imple-
mented as a seventh transistor T7, an eighth transistor T8,
and a third capacitor C3. A gate electrode of the seventh
transistor 17 1s connected to the pull-down node PD, a first
clectrode of the seventh transistor T7 i1s connected to the
second clock signal terminal CLKB to receive the second
clock signal, and a second electrode of the seventh transistor
17 1s connected to the first node N1. A gate electrode of the
eighth transistor 18 1s connected to the pull-up node PU, a
first electrode of the eighth transistor T8 1s connected to the
first voltage terminal VGH to receive the first voltage, and
a second electrode of the eighth transistor T8 1s connected to
the first node N1. A first electrode of the third capacitor C3
1s connected to the first node N1, and a second electrode of
the third capacitor C3 1s connected to the first voltage
terminal VGH to receive the first voltage. "

The seventh
transistor 17 1s turned on 1n a case where the pull-down node
PD 1s at a low level, and the seventh transistor T7 connects
the first node N1 to the second clock signal terminal CLKB,
so that the first node N1 1s kept at a low level 1n a case where
the second clock signal provided by the second clock signal
terminal CLKB 1s at a low level, so that the ninth transistor
19 1s turned on under control of the level of the first node N1
and connects the output terminal OUT to the first voltage
terminal VGH, so that the output terminal OUT outputs a
high level at an output phase. The eighth transistor T8 1s
turned on 1n a case where the pull-up node PU 1s at a low
level and connects the first node N1 to the first voltage
terminal VGH, so that the first node N1 1s kept at a high
level, and the ninth transistor T9 1s turned off, thereby
ensuring that the output terminal OUT outputs a low level 1in
an non-output phase.

For example, 1n the example as illustrated 1n FIG. 5A, the
pull-down maintaining circuit 140 may be implemented as a
ninth transistor T9 and a fourth capacitor C4. A gate elec-
trode of the ninth transistor T9 i1s connected to the pull-up
node PU, a first electrode of the ninth transistor T9 1is
connected to the second voltage terminal VGL to recerve the
second voltage, and a second electrode of the ninth transistor
19 1s connected to the output terminal OUT. A first electrode
of the fourth capacitor C4 1s connected to the second clock
signal terminal CLKB to receive the second clock signal,
and a second electrode of the fourth capacitor C4 1s con-
nected to the pull-up node PU. The ninth transistor T9 1s
turned on under control of the pull-up node PU and electri-
cally connects the output terminal OUT to the second
voltage terminal VGL, thereby performing noise reduction
on the output terminal OUT.

FIG. 5B 1s a circuit schematic diagram of another specific
implementation example of the shift register unit as 1llus-
trated 1n FI1G. 4. As illustrated 1n FIG. 5B, the structure of the
shift register unit 100 1s similar to the structure of the shift
register unit 100 as illustrated 1n FIG. 5A. The pull-down
maintaining circuit 140 may be implemented as a ninth
transistor 19 and a fourth capacitor C4, a gate electrode of
the ninth transistor T9 1s connected to the pull-up node PU,
a first electrode of the minth transistor T9 1s connected to the
second voltage terminal VGL to receive the second voltage,
and a second electrode of the ninth transistor T9 1s connected
to the output terminal OUT. The difference between the
pull-down maintaining circuit as illustrated 1n FIG. 3B and
the pull-down maintaiming circuit as illustrated 1n FIG. 5A
1s that a first electrode of the fourth capacitor C4 is con-
nected to the pull-up node PU, and a second electrode of the
tourth capacitor C4 1s connected to the output terminal OUT.

It should be noted that all the transistors used in the
embodiments of the present disclosure may be thin film
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transistors, field eflect transistors, or other switching com-
ponents with the same characteristics. In the embodiments
of the present disclosure, the thin film transistors are taken
as examples for description. A source electrode and drain
clectrode of a transistor used herein may be symmetrical 1n
structure, so there can be no difference in structure of the
source electrode and drain electrode of the transistor. In the
embodiments of the present disclosure, 1n order to distin-
guish the two electrodes, except for a gate electrode of the

transistor, of the ftransistor, one ce¢lectrode 1s directly
described as the first electrode, and the other electrode 1s
directly described as the second electrode.

In addition, the embodiments of the present disclosure are
described by taking a case that the transistor 1s the P-type
transistor as an example. Simultaneously, a first electrode of
the transistor 1s a source electrode, and a second electrode of
the transistor 1s a drain electrode. The P-type transistor 1s
turned on 1n response to a low level and 1s turned ofl in
response to a high level. This case may be applied to the
following embodiments, and details will not be described
again. It should be noted that the present disclosure includes
but 1s not limited thereto. For example, one or more tran-
sistors 1n the shift register unit provided by the embodiments
of the present disclosure may also use the N-type transistor.
In this case, the first electrode of the transistor 1s a drain
electrode, and the second electrode of the transistor 1s a
source electrode. Polarities of respective electrodes of
selected type of transistors can be connected according to
polarities of respective electrodes of respective transistors in
the embodiments of the present disclosure.

It should be noted that 1n the embodiments of the present
disclosure, for example, in a case where each circuit 1s
implemented as a P-type transistor, the term “pull-up”
represents discharging a node or an electrode of a transistor
to decrease an absolute value of a level of the node or the
clectrode, thereby implementing the corresponding opera-
tion (for example, turn-on) of the transistor; and the term
“pull-down” represents charging a node or an electrode of a
transistor to increase an absolute value of a level of the node
or the electrode, thereby implementing the corresponding
operation (for example, turn-oil) of the transistor.

As another example, 1n a case where each circuit 1s
implemented as an N-type transistor, the term “pull-up”
represents charging a node or an electrode of a transistor to
increase an absolute value of a level of the node or the
clectrode, thereby implementing the corresponding opera-
tion (for example, turn-on) of the transistor; and the term
“pull-down” represents discharging a node or an electrode of
a transistor to decrease an absolute value of a level of the
node or the electrode, thereby implementing the correspond-
ing operation (for example, turn-oil) of the transistor.

It should be noted that in the description of respective
embodiments of the present disclosure, the pull-up node PU,
the pull-down node PD, the first node N1, and the second
node N2 do not represent really existing components, but
rather represent joiming points of related circuit connections
in the circuit diagram.

FIG. 6A 1s a signal timing diagram of the shiit register unit
as 1llustrated 1n FIG. 5A 1n operation. The working principle
of the shift register umit 100 as illustrated in FIG. 5A 1s
described below with reference to the signal timing diagram
as 1llustrated 1n FIG. 6A. Here the embodiments of the
present disclosure are described by taking a case that each
transistor 1s a P-type transistor as an example, but the
embodiments of the present disclosure are not limited 1n this
aspect. The shift register unit 100 can perform the following
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operations 1n three phases, which includes a first phase t1, a
second phase t2, and a third phase t3, respectively, as
illustrated 1n FIG. 6A.

In the first phase t1 (1.e., an input phase), the input
terminal INT provides a high-level signal, the first clock
signal terminal CLKA provides a low-level first clock sig-
nal, the second clock signal terminal CLKB provides a
high-level second clock signal, and the first transistor T1 1s
turned on 1n response to the low-level first clock signal
provided by the first clock signal terminal CLKA, so that the
pull-up node PU is connected to the input terminal INT, so
that the pull-up node PU 1s charged to a high level. The third
transistor T3, the fourth transistor T4 and the eighth tran-
sistor T8 are turned ofl under control of the high level of the
pull-up node PU.

In this first phase, at the moment where the first clock
signal terminal CLKA becomes at a low level, because of the
coupling effect of the first capacitor C1, the level of the
second node N2 becomes at a low level, and the fifth
transistor 15 1s turned on 1n response to the low level of the
second node N2 and connects the pull-down node PD to the
second voltage terminal VGL, so that the pull-down node
PD 1s discharged to a low level, and a low level 1s stored 1n
the second capacitor C2.

In this first phase, the sixth transistor 16 i1s turned on in
response to the low level of the pull-down node PD to
connect the pull-up node PU to the first voltage terminal
VGH, so that the voltage of the pull-up node PU 1s main-
tained at a high level to ensure that the third transistor T3,
the fourth transistor T4, and the eighth transistor T8 are in
a turn-oil state. Simultaneously, the seventh transistor T7 1s
also turned on 1n response to the low level of the pull-down
node PD to connect the first node N1 to the second clock
signal terminal CLKB, so that the high level provided by the
second clock signal terminal CLKB 1s written into the third
capacitor C3 to allow the level of the first node N1 to be kept
at a high level. The second transistor 12 1s turned off 1n
response to the high level of the first node N1, so that the
output terminal OUT outputs a low level in this phase.

In the second phase 12 (1.e., the output phase), the mput
terminal INT provides a low-level signal, the first clock
signal terminal CLKA provides a high-level first clock
signal, the second clock signal terminal CLKB provides a
low-level second clock signal, the first transistor 11 1s turned
ofl under control of the high-level first clock signal provided
by the first clock signal terminal CLKA, and the pull-up
node PU 1s maintained at a high-level state. Therefore, in
this phase, the third transistor T3, the fourth transistor T4,
and the eighth transistor T8 are still turned off under control
of the high level of the pull-up node PU.

In this second phase, the first clock signal terminal CLKA
provides a high-level signal in this phase. Because of the
coupling eflect of the first capacitor C1, the second node N2
1s charged to a high level, the fifth transistor TS 1s turned off
under control of the high level of the second node N2, and
clectric charges stored in the second capacitor C2 do not
change, so that the level of the pull-down node PD 1s still
maintained in a low-level state. Therefore, the sixth transis-
tor T6 1s still turned on 1n response to the low level of the
pull-down node PD to connect the pull-up node PU to the
first voltage terminal VGH, so that the voltage of the pull-up
node PU may not be reduced because of the decrease of the
second clock signal provided by the second clock signal
terminal CLKB connected to the fourth capacitor C4,
thereby ensuring that the third transistor T3, the fourth
transistor T4, and the eighth transistor T8 are maintained in
a turn-oil state.
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In this second phase, the seventh transistor 17 i1s still
turned on 1n response to the low level of the pull-down node
PD, so that the first node N1 1s connected to the second clock
signal terminal CLKB. Because the second clock signal
terminal CLKB provides a low-level second clock signal,

the first node N1 1s discharged through the second clock

signal terminal CLKB. The second transistor T2 1s turned on
in response to the low level of the first node N1, so that the
output terminal OUT 1s electrically connected to the first
voltage terminal VGH. Therefore, in this phase, the output
terminal OUT outputs a first voltage (a high level) for
subsequent driving control of, for example, the pixel circuit.

In the third phase t3, the mput terminal INT continues to
provide a low-level signal, the first clock signal terminal
CLKA provides a low-level first clock signal, the second
clock signal terminal CLKB provides a high-level second
clock signal, and the first transistor 11 1s turned on 1n
response to the low-level first clock signal provided by the
first clock signal terminal CLKA to connect the pull-up node
PU to the mput terminal INT, so that the pull-up node PU 1s
discharged to a low level. The third transistor T3, the fourth
transistor 14, and the eighth transistor T8 are turned on
under control of the low level of the pull-up node PU.
Because the third transistor T3 is turned on, the second node
N2 1s connected to the first voltage terminal VGH, and the
second node N2 1s no longer subject to the coupling etiect
of the first capacitor C1, so that the level of the second node
N2 i1s the first voltage (a high level). Because the fourth
transistor T4 1s turned on, the pull-down node PD 1s con-
nected to the first voltage terminal VGH, so that the voltage
of the pull-down node PD 1s the first voltage (a high level).
Simultaneously, the fifth transistor T5 1s turned ofl under
control of the high level of the second node N2.

In this third phase, the sixth transistor 16 i1s turned off
under control of the high level of the pull-down node PD,
thereby ensuring that the pull-up node PU 1s maintained in
a low-level state. Stmultaneously, the seventh transistor T7
1s also turned off under control of the high level of the
pull-down node PD, so that the low-level signal provided by
the second clock signal terminal CLKB cannot be transmit-
ted to the first node N1 through the seventh transistor T7.
Simultaneously, because the eighth transistor T8 1s turned
on, the first node N1 1s connected to the first voltage terminal
VGH, so that the first node N1 1s charged to the first voltage
(a high level). The second transistor T2 1s turned ofl under
control of the high level of the first node N1, thereby
ensuring that the output terminal OUT outputs a low level 1n
this phase.

In a case where the shift register unit 100 further includes
the pull-down maintaining circuit 140 (for example, includ-
ing the ninth transistor T9 and the fourth capacitor C4), 1n
this third phase, the ninth transistor T9 1s turned on in
response to the low level of the pull-up node PU, the output
terminal OUT to be connected to the second voltage terminal
VGL, so that the output terminal OUT outputs a low level to
perform noise reduction on the output terminal OUT.
Because the minth transistor T9 has a threshold voltage, the
ninth transistor T9 cannot not be completely turned on, so
that 1 this phase, the output terminal OUT may output a
slightly higher level than the low level provided by the
second voltage terminal VGL, which will not aflect driving
of the subsequent circuit. In a case where the second clock
signal terminal CLKB provides a low-level signal again, the
level of the pull-up node PU can reach a lower state by the
coupling effect of the fourth capacitor C4, so that the ninth
transistor 19 1s completely turned on, so that the level output
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by the output terminal OUT 1s exactly identical to the low
level provided by the second voltage terminal VGL.

FIG. 6B 1s a signal timing diagram of the shift register unit
as 1llustrated 1n FIG. 5B 1n operation. The working principle
of the shift register unit as illustrated 1n FIG. 5B 1s similar
to the working principle of the shift register unit as illus-

trated 1in FIG. SA, and the difference 1s as follows. In the first
phase t1, the fourth capacitor C4 1s between the pull-up node
PU and the output termunal OUT, and because of the
coupling eflect of the fourth capacitor C4, the pull-up
transition of the pull-up node PU is transmitted to the output
terminal OUT through the fourth capacitor C4, so that the
level output by the output terminal OUT may have a small
level rise phenomenon, which will not aflect the use of the
circuit. In the third phase t3, because 1n this example, the
fourth capacitor C4 1s between the pull-up node PU and the
output terminal OUT, 1n a case where the ninth transistor T9
1s turned on, the level of the pull-up node PU may be far
lower than the level of the second voltage terminal VGL by
the bootstrap eflect of the fourth capacitor C4, so that the
ninth transistor T9 can be completely turned on under
control of the level of the pull-up node PU, so that the level
output by the output terminal OUT 1n the third phase to be
completely equal to the low level provided by the second
voltage terminal VGL without generating the level rise
phenomenon as illustrated 1n FIG. 6A.

At least one embodiment of the present disclosure further
provides a gate driving circuit. For example, as illustrated in
FIG. 7, the gate dniving circuit 10 includes a first clock
signal line CLK1, a second clock signal line CLLK2, a first
voltage line VGHI, a second voltage line VGL2, and a
plurality of cascaded shift register units 100. The shift
register unit may use the shift register unit 100 described in
any one ol the embodiments of the present disclosure. For
example, here each shift register unit 100 may use the circuit
structure as 1illustrated 1n FIG. 5A or FIG. 5B, but the
embodiments of the present disclosure are not limited
thereto. The gate driving circuit 10 can be directly integrated
on the array substrate of the display device by using the
same manufacturing process as the thin film transistor to
implement the progressively scanning and driving function.

For example, as illustrated 1n FIG. 7, each of the shiit
register units further includes a first clock signal terminal
CLKA and a second clock signal terminal CLKB, and the
first clock signal terminal CLKA and the second clock signal
terminal CLKB are configured to be connected to the first
clock signal line CLK1 or the second clock signal line CLK2
to receive the first clock signal or the second clock signal.
The first clock signal line CLLK1 1s connected to a first clock
signal terminal CLKA of a (2m-1)th (m 1s an integer greater
than 0) shift register unit and a second clock signal terminal
CLKB of a (2m)th shift register umit, and the second clock
signal line CLLK2 1s connected to a first clock signal terminal
CLKA of the (2m)th shift register unit and a second clock
signal terminal CLKB of the (2m-1)th shift register unait. It
should be noted that the embodiments of the present disclo-
sure mnclude, but are not limited to the above connecting
manners. For example, the first clock signal line CLK1 may
be connected to the first clock signal terminal CLKA of the
(2m)th shait register unit and the second clock signal termi-
nal CLKB of the (2m-1)th shift register unit, and the second
clock signal line CLLK2 1s connected to the first clock signal
terminal CLKA of the (2m-1)th shift register umt and the
second clock signal terminal CLKB of the (Zm)th shift
register unit CLKB. The embodiments of the present dis-
closure are not limited in this aspect.
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For example, as illustrated in FIG. 7, each of the shift
register units further includes a first voltage terminal VGH
and a second voltage terminal VGL, the first voltage termi-
nal VGH 1s configured to be connected to the first voltage
line VGH1 to receive the first voltage, and the second
voltage terminal VGL 1s configured to be connected to the
second voltage line VGL2 to receive the second voltage.

It should be noted that OUT(1) as illustrated in FIG. 7
represents an output terminal of a first shift register unait,
OUT(n-1) represents an output terminal of an (n-1)th shait
register unit (n 1s an nteger greater than 1), OUT(n) repre-
sents an output terminal of an (n)th shift register unit,
OUT(n+1) represents an output terminal of an (n+1)th shait
register unit, etc. The reference numerals may be applied to
the following embodiments, and details will not be
described again.

For example, as illustrated in FIG. 7, the gate driving
circuit 10 may further include a timing controller (not shown
in the figure). For example, the timing controller may be
configured to be connected to the first clock signal line
CLK1, the second clock signal line CLLK2, the first voltage
line VGHI1, the second voltage line VGL2, and a trigger
signal line STV to provide the clock signal, the first voltage
signal, the second voltage signal, and a trigger signal for
cach shift register unit, respectively.

For example, as illustrated in FIG. 7, an input terminal
INT of each of the shift register units except for the first shift
register unit 1s connected to an output terminal OUT of a
previous shift register unit. For example, an input terminal
INT of the first shift register unit may be configured to be
connected to the trigger signal line STV to receive the
trigger signal.

It should be noted that, according to diflerent configura-
tions, the gate driving circuit 10 may further include four,
s1X, or eight clock signal lines, the number of the clock
signal lines depends on specific conditions, and the embodi-
ments of the present disclosure are not limited in this aspect.

It should be noted that 1n a case where the gate driving
circuit 10 provided by the embodiments of the present
disclosure 1s used to drive a display panel, the gate driving
circuit 10 may be disposed on one side of the display panel.
For example, the display panel includes a plurality of rows
of gate lines, and output terminals of respective shift register
units 1n the gate driving circuit 10 may be configured to be
sequentially connected to the plurality of rows of gate lines
for outputting gate scanning signals. It should be noted that
the gate driving circuit 10 may further be provided on both
sides of the display panel to implement bilateral driving, and
the embodiments of the present disclosure do not limait the
manner of setting the gate driving circuit 10. For example,
the gate dniving circuit 10 may be provided on one side of
the display panel for driving odd-numbered rows of gate
lines, and another gate driving circuit 10 may be provided on
the other side of the display panel for driving even-num-
bered rows of gate lines.

The gate driving circuit can implement a shift output of a
level signal opposite to a turn-on voltage of a transistor. For
example, 1n a case where shiit register units included 1n the
gate driving circuit 1s implemented by a P-type transistor, a
shift output of a high-level signal can be implemented; and
in a case where shift register units included 1n the gate
driving circuit 1s implemented by an N-type transistor, a shiit
output of a low-level signal can be implemented.

The embodiments of the present disclosure further pro-
vide a display device 1. As illustrated 1n FIG. 8, the display
device 1 includes the gate driving circuit 10 provided by any
one of the embodiments of the present disclosure. The
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display device 1 includes a pixel array including a plurality
of pixel umts 30. For example, the display device 1 may
turther 1include a data driving circuit 20. The data driving
circuit 20 1s used to provide data signals to the pixel array,
and the gate driving circuit 10 1s used to provide gate
scanning signals to the pixel array. The data driving circuit
20 1s electrically connected to the plurality of pixel units 30
through data lines 21, and the gate driving circuit 10 1s
clectrically connected to the plurality of pixel units 30
through gate lines 11.

It should be noted that the display device 1 in the present
embodiments may be any product or component having a
display function, such as a liquid crystal panel, a liqud
crystal television, a display screen, an OLED panel, an
OLED television, an electronic paper display device, a
mobile phone, a tablet computer, a notebook computer, a
digital photo frame, a navigator, etc. The display device 1
may further include other general components such as a
display panel, and the embodiments of the present disclosure
are not limited 1n this aspect.

The technical effects of the display device 1 provided by
the embodiments of the present disclosure may be with
reference to the corresponding description related to the gate
driving circuit 10 1n the above embodiments, and details are
not described herein again.

It should be noted that, for clarity and conciseness, the
entire structure of the display device 1 1s not provided. In
order to implement the necessary functions of the display
device, those skilled 1n the art may set other structures not
shown according to specific application scenarios, and the
embodiments of the present disclosure are not limited in this
aspect.

An embodiment of the present disclosure further provides
a drniving method for driving a shiit register unit, for
example used for drwmg a shift register unit of a display
device. For example, 1n the example as illustrated in FIG. 2,
the driving method for driving the shift register unit 111c1udes
the following steps.

In a first phase, the input circuit 110 charges the pull-up
node PU according to the input signal and 1n response to the
first clock signal, the pull-up control circuit 120 charges the
first node N1 under control of the pull-up node PU and the
first clock signal, and the output terminal OUT outputs a first
level (for example, lower than the first voltage, such as a low
level).

In a second phase, the pull-up control circuit 120 dis-
charges the first node N1 under control of the level of the
pull-up node PU and the first clock signal, and the output
terminal OUT outputs the first voltage.

In a third phase, the mput circuit 110 discharges the
pull-up node PU according to the mput signal and in
response to the first clock signal, the pull-up control circuit
120 charges the first node N1 under control of the level of
the pull-up node PU and the first clock signal, and the output
terminal OUT outputs a low level.

For example, i the example as 1illustrated 1n FIG. 4, that
1s, 1n a case where the shift register unit 100 includes the
pull down maintaining circuit 140, the third phase of the
driving method for driving the shift register unit 100 further
includes the following operation: performing noise reduc-
tion on the output terminal OUT under control of the level
of the pull-up node PU by the pull-down maintaining circuit

140.
It should be noted that the detailed description and
technical effect of the driving method may be with reference

to the description of the working principle and technical
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cllect of the shift register unit 100 1n the embodiments of the
present disclosure, and details are not described herein
again.

The following statements should be noted:

(1) The accompanying drawings involve only the struc-
ture(s) 1 connection with the embodiment(s) of the present
disclosure, and other structure(s) can be referred to common
design(s).

(2) In case of no conflict, features 1n one embodiment or
in different embodiments can be combined to obtain new
embodiments.

What have been described above are only specific imple-
mentations of the present disclosure, the protection scope of
the present disclosure 1s not limited thereto, and the protec-
tion scope of the present disclosure should be based on the
protection scope of the claims.

What 1s claimed 1s:

1. A shift register unit, comprising: an input circuit, a first
control circuit, and an output circuit,

wherein the mput circuit 1s configured to recerve an mput
signal and control a level of a first control node
according to the mput signal 1n response to a first clock
signal;

the first control circuit 1s configured to control a level of
a first node under control of the level of the first control
node and the first clock signal; and

the output circuit 1s configured to receive a first voltage of
a first voltage terminal and output the first voltage to an
output terminal under control of the level of the first
node;

wherein the first control circuit comprises a second node
control sub-circuit, a second control node control sub-
circult, a second control sub-circuit, and a first node
control sub-circuit,

wherein the second node control sub-circuit 1s configured
to control a level of a second node under control of the
level of the first control node and the first clock signal;

the second control node control sub-circuit 1s configured
to control a level of a second control node under control
of the level of the first control node and the level of the
second node:

the second control sub-circuit 1s configured to control the
level of the first control node under control of the level
of the second control node; and

the first node control sub-circuit 1s configured to control
the level of the first node under control of the level of
the first control node and the level of the second control
node.

2. The shiit register unit according to claim 1, wherein the

input circuit comprises a first transistor,

a gate electrode of the first transistor 1s connected to a first
clock signal terminal to recerve the first clock signal, a
first electrode of the first transistor 1s connected to an
input terminal to receive the input signal, and a second
clectrode of the first transistor 1s connected to the first
control node.

3. The shift register unit according to claim 1, wherein the

output circuit comprises a second transistor,

a gate electrode of the second transistor 1s connected to
the first node, a first electrode of the second transistor
1s connected to the first voltage terminal to receive the
first voltage, and a second electrode of the second
transistor 1s connected to the output terminal.

4. The shiit register unit according to claim 1, wherein the

second node control sub-circuit comprises:
a third transistor, wherein a gate electrode of the third
transistor 1s connected to the first control node, a first




US 11,127,478 B2

19

electrode of the third transistor 1s connected to the first
voltage terminal to receive the first voltage, and a
second electrode of the third transistor 1s connected to
the second node; and

20

to recerve a second clock signal, and a second electrode
of the fourth capacitor 1s connected to the first control
node.

10. The shift register unit according to claim 8, wherein

a first capacitor, wherein a first electrode of the first ° the second control maintaining circuit comprises:

capacitor 1s connected to a first clock signal terminal to
receive the first clock signal, and a second electrode of
the first capacitor 1s connected to the second node.

5. The shiit register unit according to claim 1, wherein the

second control node control sub-circuit comprises:

a fourth transistor, wherein a gate electrode of the fourth
transistor 1s connected to the first control node, a first
clectrode of the fourth transistor 1s connected to the first
voltage terminal to receive the first voltage, and a
second electrode of the fourth transistor 1s connected to

the second control node;

a fifth transistor, wheremn a gate electrode of the fifth
transistor 1s connected to the second node, a first
clectrode of the fifth transistor 1s connected to a second
voltage terminal to receive a second voltage, and a
second electrode of the fifth transistor 1s connected to
the second control node; and

a second capacitor, wherein a first electrode of the second
capacitor 1s connected to the second control node, and
a second electrode of the second capacitor 1s connected
to the first node.

6. The shiit register unit according to claim 1, wherein the

second control sub-circuit comprises a sixth transistor,

a gate electrode of the sixth transistor 1s connected to the
second control node, a first electrode of the sixth
transistor 1s connected to the first voltage terminal to
receive the first voltage, and a second electrode of the
sixth transistor 1s connected to the first control node.

7. The shiit register unit according to claim 1, wherein the

first node control sub-circuit comprises:

a seventh transistor, wherein a gate electrode of the
seventh transistor 1s connected to the second control
node, a first electrode of the seventh transistor is
connected to a second clock signal terminal to receive
a second clock signal, and a second electrode of the
seventh transistor 1s connected to the first node;

an eighth transistor, wherein a gate electrode of the eighth
transistor 1s connected to the first control node, a first
clectrode of the eighth transistor 1s connected to the
first voltage terminal to receive the first voltage, and a
second electrode of the eighth transistor 1s connected to
the first node; and

a third capacitor, wherein a first electrode of the third
capacitor 1s connected to the first node, and a second
clectrode of the third capacitor 1s connected to the first
voltage terminal to receive the first voltage.

8. The shift register unit according to claim 1, further

comprising a second control maintaining circuit,

wherein the second control maintaining circuit 1s config-
ured to perform noise reduction on the output terminal
under control of the level of the first control node.

9. The shift register unit according to claim 8, wherein the

second control maintaining circuit comprises:

a ninth transistor, wherein a gate electrode of the ninth
transistor 1s connected to the first control node, a first
clectrode of the ninth transistor 1s connected to a
second voltage terminal to receive a second voltage,
and a second electrode of the ninth transistor 1s con-
nected to the output terminal; and

a fourth capacitor, wherein a first electrode of the fourth
capacitor 1s connected to a second clock signal terminal
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a ninth transistor, wherein a gate electrode of the ninth
transistor 1s connected to the first control node, a first
clectrode of the ninth transistor i1s connected to a
second voltage terminal to receive a second voltage,
and a second electrode of the ninth transistor 1s con-
nected to the output terminal; and

a fourth capacitor, wherein a first electrode of the fourth
capacitor 1s connected to the first control node, and a
second electrode of the fourth capacitor 1s connected to
the output terminal.

11. A gate driving circuit, comprising a plurality of

cascaded shift register units according to claim 1,

wherein an input terminal of each of the shift register units
except for a first shift register unit 1s connected to an
output terminal of a previous shiit register unit.

12. A display device, comprising the gate driving circuit

according to claim 11.

13. A driving method for driving the shift register unit

according to claim 1, comprising:

in a first phase, performing first control on the first control
node according to the input signal and in response to
the first clock signal by the mput circuit, performing the
first control on the first node under control of the level
of the first control node and the first clock signal by the
first control circuit, and outputting a first level by the
output terminal;

in a second phase, performing second control, different
from the first control, on the first node, by the first
control circuit, under control of the level of the first
control node and the first clock signal, and outputting
the first voltage by the output terminal; and

in a third phase, performing the second control on the first
control node according to the mput signal and 1n
response to the first clock signal by the mput circuait,
performing the first control on the first node under
control of the level of the first control node and the first
clock signal by the first control circuit, and outputting,
the first level by the output terminal,

wherein the first level 1s lower than the first voltage.

14. The drniving method for driving the shift register unit

according to claim 13, wherein 1n a case where the shait
register unit comprises a second control maintaining circuit,
the third phase of the driving method further comprises:
performing noise reduction on the output terminal under
control of the level of the first control node by the
second control maintaining circuit.

15. The shift register unit according to claim 1, wherein

the mput circuit comprises a first transistor,

a gate electrode of the first transistor 1s connected to a first
clock signal terminal to receive the first clock signal, a
first electrode of the first transistor 1s connected to an
input terminal to receive the input signal, and a second
clectrode of the first transistor 1s connected to the first
control node.

16. The shiit register unit according to claim 15, wherein

the output circuit comprises a second transistor,

a gate electrode of the second transistor 1s connected to
the first node, a first electrode of the second transistor
1s connected to the first voltage terminal to receive the
first voltage, and a second electrode of the second
transistor 1s connected to the output terminal.

e
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17. The shift register unit according to claim 1, wherein

the output circuit comprises a second transistor,

a gate electrode of the second transistor 1s connected to
the first node, a first electrode of the second transistor
1s connected to the first voltage terminal to receive the
first voltage, and a second electrode of the second
transistor 1s connected to the output terminal.

18. The shift register unit according to claim 1, further

comprising a second control maintaining circuit,

wherein the second control maintaining circuit 1s config-
ured to perform noise reduction on the output terminal
under control of the level of the first control node.

19. The shiit register unit according to claim 18, wherein

the mput circuit comprises a first transistor, a gate elec-
trode of the first transistor 1s connected to a first clock
signal terminal to receive the first clock signal, a first
clectrode of the first transistor 1s connected to an 1mput
terminal to receive the input signal, and a second
clectrode of the first transistor 1s connected to the first
control node;

the output circuit comprises a second transistor, a gate
clectrode of the second transistor 1s connected to the
first node, a first electrode of the second transistor is
connected to the first voltage terminal to receive the
first voltage, and a second electrode of the second
transistor 1s connected to the output terminal;

the second node control sub-circuit comprises:

a third transistor, wherein a gate electrode of the third
transistor 1s connected to the first control node, a first
clectrode of the third transistor 1s connected to the first
voltage terminal to receive the first voltage, and a
second electrode of the third transistor 1s connected to
the second node; and

a first capacitor, wherein a first electrode of the first
capacitor 1s connected to the first clock signal terminal
to receive the first clock signal, and a second electrode
of the first capacitor 1s connected to the second node;

the second control node control sub-circuit comprises:

a fourth transistor, wherein a gate electrode of the fourth
transistor 1s connected to the first control node, a first
clectrode of the fourth transistor 1s connected to the first
voltage terminal to receive the first voltage, and a
second electrode of the fourth transistor 1s connected to
the second control node;

a fifth transistor, wheremn a gate electrode of the fifth
transistor 1s connected to the second node, a first
clectrode of the fifth transistor 1s connected to a second
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voltage terminal to receive a second voltage, and a
second electrode of the {ifth transistor 1s connected to
the second control node; and

a second capacitor, wherein a first electrode of the second
capacitor 1s connected to the second control node, and
a second electrode of the second capacitor 1s connected

to the first node;

the second control sub-circuit comprises a sixth transistor,
a gate electrode of the sixth transistor 1s connected to
the second control node, a first electrode of the sixth
transistor 1s connected to the first voltage terminal to
receive the first voltage, and a second electrode of the
sixth transistor 1s connected to the first control node;

the first node control sub-circuit comprises:

a seventh transistor, wherein a gate electrode of the
seventh transistor 1s connected to the second control
node, a first electrode of the seventh transistor 1s
connected to a second clock signal terminal to receive
a second clock signal, and a second electrode of the
seventh transistor 1s connected to the first node;

an eighth transistor, wherein a gate electrode of the eighth
transistor 1s connected to the first control node, a first
clectrode of the eighth transistor is connected to the
first voltage terminal to receive the first voltage, and a
second electrode of the eighth transistor 1s connected to
the first node; and

a third capacitor, wherein a first electrode of the third
capacitor 1s connected to the first node, and a second
clectrode of the third capacitor 1s connected to the first
voltage terminal to receive the first voltage; and

the second control maintaining circuit comprises:

a ninth transistor, wherein a gate electrode of the ninth
transistor 1s connected to the first control node, a first
clectrode of the ninth transistor 1s connected to the
second voltage terminal to receive the second voltage,
and a second electrode of the ninth transistor 1s con-
nected to the output terminal; and

a fourth capacitor, wherein a first electrode of the fourth
capacitor 1s connected to the second clock signal ter-
minal to recerve the second clock signal, and a second
clectrode of the fourth capacitor 1s connected to the first
control node; or

the first electrode of the fourth capacitor 1s connected to
the first control node, and the second electrode of the
fourth capacitor 1s connected to the output terminal.
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